pinal tuberculosis (TB) is usually accompanied by cold abscesses that lead to physical exhaustion and tissue destruction.
The goal of this study was to investigate the effect of individualized chemotherapy delivered via percutaneous catheter drainage on paravertebral abscesses in spinal tuberculosis (TB). Data from 48 patients with spinal TB with paravertebral abscesses who received individualized chemotherapy via computed tomography-guided catheterization between 2009 and 2012 were retrospectively analyzed. The paravertebral abscesses affected the thoracic vertebra (n=12), the lumbar spine (n=20), the thoracolumbar vertebra (n=10), and the lumbosacral (n=6). All patients achieved clinical healing with no recurrence. Erythrocyte sedimentation rate and visual analog scale scores decreased significantly by the endpoint of follow-up. Although C-reactive protein values increased slightly right after treatment, they were also significantly lower at last follow-up. The kyphotic angle and Oswestry Disability Index values also exhibited significant decreases. No neurologic function impairment was reported. Computed tomography-guided catheterization for continuous administration of individualized chemotherapy was a safe and effective treatment for spinal TB with paravertebral abscesses in the cohort examined, and thus, it warrants further study. [Orthopedics. 2017; 40(3):e443-e449.] tal, China. The criteria for patient inclusion and exclusion are provided in Table  1 . Data from 48 patients with spinal TB with paravertebral abscesses (27 men and 21 women; mean±SD age, 29.44±12.40 years; age range, 8-74 years) that were treated between April 2009 and October 2012 were retrospectively analyzed. Patients were diagnosed using radiograph, computed tomography (CT), and magnetic resonance imaging (MRI). Tuberculosis infection was confirmed by biopsy or Mycobacterium tuberculosis isolation from abscess cultures. The paravertebral abscesses in the TB cases affected the thoracic vertebra (n=12), lumbar spine (n=20), thoracolumbar vertebra (n=10), and lumbosacral (n=6). Twenty-nine patients had sciatica, and 9 patients were coinfected with pulmonary TB. Eleven patients had recurrence history, with a mean recurrence time of 18.64 months. Patient characteristics and surgical details are provided in Table 2 .
Surgery
Preoperative Examinations. Preoperative examinations evaluated: (1) clinical symptoms and signs (eg, appetite, afternoon fever, night sweats, maransis, abnormal gestures, sious, American Spinal Injury Association grade); (2) laboratory test results (routine blood test, erythrocyte sedimentation rate [ESR], liver functions, kidney functions); and (3) imaging examinations to localize the nidus and abscess volume (eg, radiograph, CT, and MRI). Regular chest radiographs, electrocardiograms, routine blood and urine tests, bleeding time, and coagulation time examinations were also performed.
Computed Tomography-Guided Percutaneous Catheter Drainage. Patients were prone or side-positioned to be comfortable without affecting the puncturing technique ( Figure 1A) . The optimal puncture site was located at the larger level of each abscess by CT guidance (Somatom Sensation 64; Siemens, Forchheim, Germany) to avoid vessels or nerves.
For TB of the thoracic vertebrae, a puncture site was identified above the processus transversus into the intervertebral space and paravertebral abscess. For TB of the lumbar spine, a puncture was made via the Kambin triangle into the intervertebral space. Puncture of the thoracolumbar vertebrae was performed according to the method of thoracic vertebrae puncture, whereas puncture of the lumbosacral was performed according to the lumbar spine puncture method. Abscesses and necrotic tissue were drained from the expanded tube and drainage tubes (Multipurpose Drainage Catheter, ULT12Fr; COOK Medical, Bloomington, Indiana) were inserted with skin fixation. The number of drainage tubes that were inserted depended on the spinal lesion area and the volume of the abscesses. Typically, between 1 and 3 tubes were inserted per patient ( Figure 1B, Figure 2) .
The duration of surgery, volume of blood loss, abscess details, and complications were recorded. The patients were returned to the general ward 10 to 30 minutes postoperatively. Blood pressure, pulse, breath, and body temperature were recorded for each patient every 2 or 4 hours postoperatively. Infection was prevented with an intravenous injection of cephalosporins (first generation) within the first 3 days postoperatively.
Gene Chip Analyses of Spinal TB Cases and Drug Resistance. Abscess specimens were analyzed using gene chips designed for routine spinal TB diagnosis. Drug-resistance genes against rifampin and isoniazid were also examined as previously described. Topical Individual Chemotherapy. Based on the gene chip analysis results of drug resistance, certain anti-TB drugs were selected to individualize the chemotherapy regimens as needed. For example, patients who were resistant to rifampin received a chemotherapy regimen that included perfusion with 500 mL saline supplemented with 1 g rifamycin sodium or 0.6 g isoniazid for 24 hours for each drainage tube. This local perfusion drainage lasted for 3 weeks and up to 3 months. After being discharged, all patients strictly abided by their chemotherapy plan and were periodically examined to monitor disease course and drainage liquid until extubation was performed at the end of treatment. The indications for extubation included the following: clear flushing fluid, no inflammation at the lesion site, and the absence of intoxication symp- 
Follow-up and Evaluation of Therapeutic Effects
Liver functions, ESR, and CRP levels were measured at discharge and monthly thereafter. Patients were also examined by radiograph and CT scan at 1, 3, 6, 9, and 12 months postoperatively, and every 6 months thereafter. Follow-up times ranged from 24 to 69 months (mean±SD, 35.88±13.74 months) ( Table 2) . Clinical symptoms and signs were monitored at the same time points. Erythrocyte sedi- 
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mentation rate, CRP levels, and visual analog scale (VAS) scores pre-and postoperatively, as well as at the last followup, were compared. Kyphotic angles for all patients were measured before therapy and at the last follow-up. For patients with lumbar vertebrae involvement, Oswestry Disability Index (ODI) was measured and rated as previously described. 5 The standard of clinical cure was referenced to the Diagnostic Standards and Classification of Tuberculosis in Adults and Children by the American Thoracic Society and the Centers for Disease Control and Prevention. 6 
Statistical Analysis
Quantitative data are expressed as the mean±SD. Parameter differences before and after treatment were compared by a paired t test using SPSS version 13.0 software (SPSS Inc, Chicago, Illinois).
results
The surgeries for catheterization lasted between 30 and 90 minutes (mean±SD, 53.65±18.00 minutes), and between 3 and 55 mL of blood were lost (mean±SD, 15.44±13.72 mL). The volume of abscess drainage that was achieved during surgery ranged from 15 to 910 mL (mean±SD, 225.69±228.40 mL). Twenty-six patients received 1 drainage tube, 17 received 2 drainage tubes, and 5 received 3 drainage tubes. There were no obvious complications postoperatively, including blood vessel damage or neural injury, and no sinus tract or fistula formations were observed at the puncture sites. There were also no reports of infection.
In the gene chip assays of the abscess specimens, drug sensitivity was detected in 44 of 48 specimens. Three specimens exhibited isoniazid resistance, and 1 specimen exhibited rifampin resistance (Figure 3) . The catheterization tubes of 3 patients underwent rinsing with rifamycin sodium, whereas the other 45 catheters were rinsed with an isoniazid solution. A standard chemotherapy regimen was applied to the 44 drug-sensitive cases, and the remaining 4 drug-resistant patients received sparfloxacin. In the latter group, 2 patients experienced gastrointestinal reactions, such as naupathia and emesis. These conditions were able to be controlled and patients continued therapy. The other 2 patients had transiently elevated levels of alanine aminotransferase and aspartate aminotransferase. However, the levels were less than 5 upper limit of normal, and the patients were able to complete their chemotherapy with a liver protective treatment.
Pain symptoms (eg, dorsalgia, osphyalgia, and sciatica) disappeared after the initial 1 to 3 months of treatment . The ESR and CRP levels were restored to within a normal range between 4 and 12 weeks after the start of treatment (Figure 4) . All patients were clinically cured (eg, normal liver and kidney functions) by the last follow-up examination. As shown in Figure 4A , mean±SD preoperative ESR was 53.60±21.51 mm/h, and it significantly decreased to 11.31±4.60 mm/h after treatment (t=13.856, P<.001). C-reactive protein levels also significantly decreased from 62.00±27.86 mg/L before treatment to 6.35±2.44 mg/L at the last follow-up (t=13.879, P<.001) ( Figure  4B) . Similarly, the VAS scores ranged from 3 to 9 (mean±SD, 7.10±1.28) before treatment and then ranged from 0 to 1 (0.40±0.49; t=35.64, P<.001) after therapy ( Figure 4C ). Erythrocyte sedimentation rate and VAS scores further decreased by the endpoint of follow-up compared with right after treatment.
For patients with lumbar vertebrae involvement, their ODI values decreased significantly from 54.31±13.12 before treatment to 5.72±4.68 at the endpoint of follow-up (t=21.61, P<.001; Figure  5A ). Mean±SD kyphotic angle for the entire cohort decreased significantly from 16.57±2.57 before treatment to 12.63±2.82 at the endpoint of follow-up (t=7.704, P<.001; Figure 5B ). For the 7 patients who experienced nerve compression, their American Spinal Injury Association grades changed from D to E after treatment (data not shown). No impairment of neurologic function or the development of other functional disorders was reported.
Imaging examinations showed that bone density of the involved vertebrae increased following treatment. Bone bridges also formed between adjacent vertebrae. Paravertebral and psoas major abscesses gradually diminished to become barely detectable. For the 3 cases that involved diskus intervertebralis, the intervertebral space was narrowed or disappeared after therapy. In 2 patients, reversible kyphosis formed by vertebral body compression occurred with severe bone destruction.
discussion
The aims of spinal TB surgery are to clear each infection nidus, release nerve compression, rectify kyphosis, restore spinal stability, and promote fusion between intervertebral bones. Clinically, the absolute indications for surgery include intervertebral instability caused by vertebral body damage, severe or progressive spinal protrusion deformity, and continuous progression of spinal compression or nerve function injury during chemotherapy. 7, 8 An abscess, sequestrum, or the formation of a sinus tract are taken as relative surgical indications for spinal TB. 9 Surgery can greatly improve a patient's quality of life such that patients are able to undertake activities that were previously discontinued, and long-term confinement to a bed is no longer needed. Recently, the combination of anti-TB chemotherapy and a single posterior midline approach for screw-rod fixation and debridement through the sacrospinalis muscle outer cross-window to treat multiple segmental thoracolumbar spinal TB was shown to improve lesion clearance and drainage. 10 It also led to positive treatment outcomes. However, despite there being 4 widely used surgery models, with the advantages of each previously described, [10] [11] [12] there are many risks and drawbacks associated with each. These risks include an inability to clear lesions thoroughly, susceptibility to relapse, extended surgery time, trauma, easy concurrence of iatrogenic injury, and high costs. In addition, the risks of open surgery include non-healing wounds and the formation of a sinus tract. 13 Compared with chemotherapy or surgery alone, CT-guided catheterization for continuous administration of individualized chemotherapy has several advantages. First, drug-resistant spinal TB is common in some regions of China currently and the patients take a combination of 5 or 6 oral chemotherapy drugs while experiencing a high relapse rate. This CT-guided catheterization therapy can be used to better treat these cases, thus reducing the side effects of the oral medications and risks of extensive drug resistance.
Second, it provides continuous topical chemotherapy that can effectively increase the concentrations of anti-TB drugs at a nidus. 14, 15 At the same time, this strategy confines the applied drugs to a nidus, which can reduce the incidence of side effects associated with other organs/tissues and poor patient compliance. The latter considerations are also associated with most chemotherapy treatments.
Third, early examinations of drug resistance in specimens allow the most appropriate drugs for treatment to be selected, thereby potentially lowering the drug dosages needed and reducing the risk of drug resistance during treatment. 3, 16, 17 Fourth, CT-guided catheterization represents a surgical approach that is minimally invasive and can relieve TB intoxication symptoms and pain quickly. Furthermore, it avoids rebuilding caused by internal fixation and a limited surgical site for an open operation. In a midterm result report, 18 image-guided percutaneous drainage in conjunction with anti-TB drug therapy was implicated as an effective and safe procedure for the treatment of tuberculous iliopsoas abscesses with or without spondylodiskitis. This is important for patients who cannot tolerate substantial trauma.
Fifth, although a drainage tube may not be able to completely clean the sequestrum, which represents a source for TB recurrence, drug administration via a tube could kill bacteria present in the sequestrum. Finally, organization and ossification, to a certain extent, can potentially restore vertebrae to a relatively stable status. Although some patients may exhibit lesser degrees of spinal kyphosis, original spine functions may be restored and internal fixation that can cause trauma and spine dysfunction is avoided. Catheterization also does not normally cause a sinus tract as long as thorough and proper local sterilization is provided.
In general, CT-guided catheterization for the continuous administration of individualized chemotherapy is primarily used for patients with TB cold abscesses in the absence of severe spinal cord compression. 18 However, it can also be used for patients without severe irreversible nerve compression, patients with spinal TB who are not able to tolerate an open operation (eg, the aged or patients not in good health), drug-resistant patients with TB recurrence after an open operation, patients with vertebral TB alone, and patients without severe intervertebral disk damage that have a limited range of TB cold abscesses.
It is also important to note that there are several drawbacks associated with CTguided catheterization for individualized chemotherapy. First, this approach does not correct the overall severity of the deformity caused by vertebrae and intervertebral disk damage. Patients with severe spinal nerve injury also cannot be treated by this method. Second, for children with TB and for patients with coagulation disorders, this treatment method should be carefully considered. Third, this treatment strategy cannot be applied to patients who have sticky pus and necrotic tissue present at the nidus that make drainage difficult (CT value >30 Hu). Finally, this method requires a doctor with CT experience for this technically challenging operation, and the incision site for catheterization needs to be regularly cleaned.
conclusion
Computed tomography-guided minimal invasive catheterization for the continuous administration of chemotherapy provides an important alternative treatment to extensive surgery and traditional chemotherapy for the treatment of spinal TB. Although this approach may not be universally applicable to all patients with spinal TB, the positive therapeutic effects achieved in the current study suggest that this treatment strategy warrants further study for its potential clinical application.
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